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A PROCESS FOR HYDROGENATING AROMATIC POLYMERS 

'he present invention is a.rected to a process for hydrogenatmg a n,gh moiecular 
weight aromatic poiymer 

5 Aromat.c polymers have oeen orev.ous.y hyorogenatea us.ng a variety of 

catalysts ana conditions. Historically, typical nydrogenation catalysts have low reactivity, 
requ.re high cata ly st to poiyme- ratios ana hya-ogenate low molecular weight (less than ' 
20,000) aromatic polymers Hydrogenation of high molecular weight (Mw) aromatic polymers 
have also requirea h,gn temoerature and/or pressure conditions ,n order to acnieve h,gh 
10 hydrogenat.on levels However, these cono.tions may cause oolymer degradation. 

Japanese Patent Application 03076706 describes a process for hydrogenatmg an 
aromatic polymer using a siiica supported meta; nydrogenation catalvst Tnese catalysts use a 
silica support ot small pore oiameter (200 to 500 angstroms), h.gn surface area (1 00-500 m^/g) 
and acnieve nyorogenat.on ,eve.s of greater tnan 70 percent However, to achieve high 
, s hydrogenat,on levels, large amounts of catalyst (1-100 weignt percent based on resm) and high 
temperatures ( 1 70°C) are reouired which cause polymer degradation as exemplified by tne 
decrease in the Mw after hydrogenation 

U.S. Patent No 5,028,665 de.cnoes a process for hydrogenatmg an unsaturated 
polymer using a supported metal hyarogenat.on catalyst wnerein the support contains a 
20 ma,or.ty of pores having diameters greater than 450 angstroms. However, the catalyst is 

limited by a small surface area and enables 90to 100 percent olefinic hydrogenat.pn Put less 
than 25 percent aromatic hydrpgenation. 

U.S. Patent No 5.352,744 issued to Bates et al. describes a process for 
hydrogenatmg poiy(alkeny, aromatic) or poly(alkenyl aromatic)/pplyd,ene block copolymers. 
25 that provides hydrogenated polymers with 99.5 percent or greater saturation, using a metal 
cataiyst on an alkaline metal salt support. Although Bates teaches from 0.01 to 10 grams of 
catalyst per gram of polymer may be used, a ratio of greater than 1 0 gram of catalyst per gram 
of polymer is needed to reach high hydrogenation levels 

Silica has long been used as a support for metal catalysts. Typ.cally, the silica used 
30 as a support has had high surface area (200-600 m 2/g) and small average pore diameter (20 to 
40 angstroms). Very low hydrogenation levels are obtained when hydrogenatmg high 
molecular weight aromat.c polymers using metal hydrogenation catalysts supported by this 
type of silica. 

Accordingly, it remains highly des rable to provide a process of hydrogenatmg an 
35 aromat.c oolymer at high levels which does not exnib.t the foregoing disadvantages. 

The present invention is a prpcess for hyorogenating an aromatic polymer 
comprising contact.ng the aromatic polymer with a hydrogenating agent in the presence pf a 
silica supported metal hydrogenat.on catalyst, characterized ,n that the silica has a surface area 
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of at least 1 0 nwg ana a pore size attribution such that at least 98 percent of the core volume 
-s definea by pores hav.ng diameter of greater than 600 angstroms, ana at least 80 percent 
aromatic nydrogenation is acnievea 

A secona aspea of the present invention ,s a s.i.ca supported metal catalyst 
5 cnaractenzed in that the s,„ca nas a surface area of at ,ea« 1 C rrw g ana a pore s.ze d.stnbut.on 
-ch that at least 98 percent of tne pore volume ,s aef.ned by pores having diameter of greater 
than 600 angstroms 

A thirc aspect of the oresent invention ,s the hydrogenated polymers produced 
Dy the process previously aescribed. 
• 0 Because of the hign efficiency of the present catalysts, this process can be used in 

hydrogenatmg polystyrene to proauce polyv.nyicyciohexane without the d.saavantages of the 
prior art. 

The aromatic polymers usefu, in the process of the present mvent.on include any 
poiymeric material containing penaant aromatic functionary Preferably the Mw ,s from 
l 5 1 00,000 to 3,000,000, more preferably from 1 00,000 to 1 .000,000, and most preferably from 
■ 00,000 to 500,000. Althougn high molecular weight aromatic polymers are preferred, 
aromatic polymers oeiow 1 00,000 molecular weight may also be hydrogenated by the process 
of the present invention. Pendant arcmat.c refers to a structure where, n the aromatic group is 
a substituent on the polymer backbone ana not embedded therem. Preferred aromatic groups 
20 are C 5 . 20 ary, groups, especially phenyl. These polymers may also contam other olefinic groups 
m addition to aromatic groups Preferably, the polymer is derived from a monomer of the 
formula: 

R 



25 



Ar — C = CH2 



wnere.n R is hyarogen or alkyl, Ar ,s phenyl, haiophenyl, alkylphenyl. alkylhalophenyl. 
naphthyl. pyridinyl. or anthracenyl, wherein any alkyl group contains 1 to 6 carbon atoms 
wh,ch may be mono- or multisubstituted with functional groups such as halo, nitro. am.no, 

30 cyano, carbonyl and carboxyl. More preferably Ar is phenyl or alkylphenyl with phenyl be.ng 
most preferred. Homopolymers may have any stereostructure including syndiotact.c. isotact.c 
or atact.c; however, atactic polymers are preferred. In addition, copolymers containing these 
aromatic monomers including ranaom. pseudo random, block ana grafted copolymers may be 
used. For example, copolymers of vinyl aromatic monomers and comonomers selected from 

35 nitnles, acrylates, ac.as. ethylene, propylene, maieic annydnde, male,m,des. vinyl acetate, ana 
vinyl chloride may also be used such as styrene-acrylon.tn.e, styrene-alpha-methyistyrene and 
styrene-ethylene. Bloc, copolymers of vinyl aromatic monomers and conjugated d.enes such as 
outadiene, , soprene may aiso pe usea. Examples include styrene-outad.ene, styrene-isoprene. 
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The s.hca supoor, , seo ,„ tB . DroMss q . 
« d-but.on ano !uria(ea[ „ grMisr i0nTOn sauarM Mf ^ ( - ™ Pore 

The pore s,ze d,S,r,but,on. pore yoiume, and a.erage D0 , e diameler „„ „ 
*™ "* ^'"^ " ™~"«. «- P'oceedrngs o, A5TU 

ThPr^t measurmg pores of greater than 60 angstroms 

™ : n ; : ,,onai me,hp ° mus: ° e - - — — — *— 

P I n ' ,r09en ° e5 °""™ ' »*™ D-4«,.S7 for core d.ameters OI ta 

, : ;::r Th r:°"' — ~— « ... ™j 

• S -a 6„ o ° " °° re "°' U ™ * — Poc -™ great.- 

' -p o V °' ume ™ iu ™ b > — " ** P»- iess 

xt^r"* Be ,han 2 per - m °* me -° ,ai - — ~ - 

20 between , 4 and , 7 ^ ' """"" ' 2 M 10 ~" h m °« «T« 

2 1. hy0r ° 9ena ' ed and * * P'^abfe „ use spppL h8 y, ng 

ir; pore ~> ,h « p *™ - 

2 5 be Z n ^ 000™ M am ° Un, °' hVar09ena "°" A — - — « —"V 

pre Jab, p an9 " r0mS ' Pre ' era °' V " e, " ee0 3000 4000 •"«•«»»». ">=« 
preferably between 3500 and 4000 anostroms P i 

mau r>l,n l. = . - . angstroms. Pore d.ametcrs of greater than 5000 angstroms 

may a,so be used ,f the surface area is marnta^d at the ,e,e,s specified 

by comb,„,„ Ui *" " K " V °" ^ """" °* <""*"< »" be ntade 

by comb,„,n g potassium „„„„ , n water w„h a geiapon agent, such as formamide 

"9.544. w„,ch generaffy c „„s,sts of heapng the s,„ca w h „e paspng a gas tarurated w.rh J. ... 

ZTIT 2 h ° U '; " m ° re " " mMr — ««■»» — "Vdrotherma, ^ 
3S ° ,,hP 00,6 - - — ^ the auer,g. gore 

the rate o, hJ" meM ' h " i "' 9 — ««-»» « ■» -» -«a, wh,ch wi„ increase 

the hyoro„en,„on mciudmg n,c k ei, cob.,,, rhod.um, ruthen.um. oaiiad.um „,»„„» 

ofHerOroopv,,, metafs, or comb,nat,ons thereof. Preferab,y rhod,„m or piapnum , 
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However, platinum ,s Known to be a Door nydrogenat.on catalyst for n.tnles. tnerefore. 
platinum wouid not be prererreo m the hydrogenation of nitrite copolymers 

The smca supported catalyst can be made using the supports deserved herein, by 
the process descnoea in U .S. Patent No 5,1 10.779 An aopropr.ate metal or metal contammg 
5 compound can be aeposited on the support bv vapor pnase deposition, aaueous or 

nonaqueous impregnation followed Dy caicination, sublimation or any other conventional 
method, such as those exemplified in Studies in Surface Science and Catal^ ji "Successful 
Design of Catalysts" V. 44, pg. ,46-158, 1989 and Applied Heterooeneons r^t^iy c.c pgs 75-123, 
institute Frances au Petrole Publications, 1987. In methodsof impregnate, the appropriate 
,0 metal contammg compound can be any compound contammg a metai, as previously described, 
which will produce a usable hydrogenation catalyst. These compounds can be salts, 
coordination complexes, organometallic compounds or covalent complexes and are preferably 
metal hal.de salts With metal chloride salts being most preferred. Typically, the metal is 0. 1 to 
1 0 wt. percent of the s.i.ca supported catalyst. Preferable amounts are from 0.5 to 8 wt. 
1 5 percent, more preferably 1 to 5 wt. percent based on total catalyst weight. 

Promoters, such as alkali, alkali earth or lanthanide containing compounds, can 
also oe used to a.d ,n the dispersion of the metai onto the s.i.ca support or stabilizat.on during 
the reaction, thougn their use is not preferred. 

The amount of catalyst used in the hydrogenation process is much smaller than 
20 the amount requi red in convent.onal aromatic polymer hydrogenation react.ons due to the 
high reactivity of tne present catalysts Generally, amounts of less than 1 gram of catalyst per 
gram of aromatic polymer are used, with less than 0 1 gram oe.ng preferred and less than 0.05 
being more preferred. The amount of catalyst used is dependent upon the type of process, 
whether .t is continuous, semi-continuous or batch, and the process conditions, such as 
25 temperature, pressure and reaction time wherein typical reaction times may vary from 5 

minutes to 5 hours Continuous operations can typically contain 1 part by we.gnt catalyst to 
200,000 or more parts aromatic polymer since the catalyst .s reused many times during the 
course of continuous operation. Typical batch processes can use 1 part by we.ght catalyst to 
5,000 parts aromat.c polymer. Higher temperatures and pressures will also enable using 
30 smaller amounts of catalyst. 

The hydrogenation reaction can be conducted in the absence of a solvent but is 
preferably conducted in a hydrocarbon solvent in which the polymer is soluble and which will 
not hinder the hydrogenation reaction Preferably the solvent is a saturated solvent such as 
cyclohexane, methyicyclohexane. ethylcyclohexane. cyclooaane. cycloheptane, dodecane, 
35 d.oxane, o.etnvlene glycol dimethyl etner, tetrahydrof uran, isooentane, 

decahydronaonthaiene or m.xtures thereof, with cyclohexane being the most preferred. 

The temperature at wh.ch the hydrogenation is conducted can be any 
temperature at wnicn hydrogenation occurs without significant degradation of tne polymer 
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3 decrease ,n g la „ , raniltlon tem „« ra , tre „ er nyafogena , |0n ; 
ore r,l " " ' — ^»YOrooena„„„. mos, 

D ' e,e ;">"— -oo, ym . rsn , y ,„ apol>aisoers „ ygreater;haii , 

™ m stT m0 '" U,ar We ' 9m ^ "*«». *« =.e 9 rada„on nas 

— s, 9 „,„ cam oegraoatlon , n thts £as , , soeSnea as a 

•0 „o 1 3 ny0r09 '" a " 0n be - *» '° P-n, Howe e 

■ r: :::::: ~~ ~ — — ™ PO , ym «; s 

' m ° re D '° ne M "O"""' °^oa„on. can tol.™ a decrease ,„ M„ of up t0 30 
percent u Mt uou 

orpf , . T ^' Calh ^-genat,on Temperatures are from 50<C preferably from, 00»C 
preferably trom i ana mo, oreferaoiy from 1 2C»C to 250T, preferably to 200°C more 
15 ^^ablvto,80Xandmostprefera D!y to160T 

Pre " Ure ° f Venation react,on „ not cnfcal. though hydr ogenat,o 
at ,n crease w,th increasing pre5sure Ty01ca( _ range f _ ' * 

1 0.000 ps,g w.th 500 to 1 500 ps,g bemg preferred. 

20 reacbon area ^ reaCt '° n ' $ ""^ 10 remow ^^n from the 

20 -ebon area ,„ e „ gases include but are not <im,ted to nitrogen, helium, and argon with 
nitrogen being preferred. 

efficen,,, n hV0rt,9 """ n9 a5 '"< »« n y dr„ g en producing aoem wnicn „,„ 

25 nydrogenating agent is hydrogen gas 

The amount of hydro g enat,on can be measured us,ng UV-VI5 spectroscopy 

a o r;: e ;;' ~ poiystyrene give a ^ d — *. ^ 

at 60.5 nm Th,s band gives an absoroance of 1 000 with a soiut.cn concentrate of 004980 
mo.es of aromafc per „ter ,n a . cm cell After removing the catalyst v,a filtration (us.ng a 0 50 

30 ~:r : eflon '" " f,,ter ' M,,i,Dore fhup ° 47) - — — * ~ -uv° 

eU and the absorbance measured. The absorbance ,s dependent upon concentration The 
^rogenateo polymer products are typ.cai.y measured at h.gner concentration, sine. _ 

™« rr the aosorbance ,s measured smce the — ^ 1 -° «™ 

35 " " G Standar0S ' Sma " am ° UntS ° f reS ' dUal Un — 0n b * —V 

The amount of hydrogenat.on ,s aeoendent upon the polymer bemg 
nyorogenateo, the amount o ' catalyst useo. the process conditions and tne reaction t,me For 
ocymers sucn as po.vstyrene ano styrene-outao,ene copolymers, a typ.cal hydrogenat.on ,s 
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greater than 80 percent, greater tnan 99 oercent hydrogenation , s preferred, more preferaoly 
greater than 99. 5 percent, and most preferaoly greater than 99 9 percent. This can be 
determined by measuring the absoroance of tne hyarogenated polymer and comparing to the 
absorbance of a nonhydrogenated standard In other words, the absorpance of a 99.9 percent 
5 hyorogenated polymer w.ll be 99 9 percent less than the apsorbance of the nonhydrogenated 
polymer For poiymers such as ooly alpha-methylstyrene. styrene-alpha-methylstyrene 
copolymer and copolymers of a vinyi aromat.c monomer ana a comonomer selected from the 
group cons.st.ng of a n.triie. acrytate, ac.a. ethylene, propylene, male.c annydride, male.m.de, 
vinyl acetate and v.nyl chlor.de, the level of hydrogenat.on can be lower, and is dependent 
10 upon the polymer being hydrogenated. Typ.cally. at least 1 0 percent hydrogenation is 
ach.evea. preferably at least 25 percent, more preferably at least 50 percent and most 
preferably at least 90 oercent hydrogenat.on is ach.eved. 

in one embod.ment of the present mvent.on tne aromatic polymer is typically 
d.ssolved in a solvent and placed in a reactor w.th an approonate amount of silica supported 
1 5 hydrogenation catalyst. The reactor ,s sealed, purged with an men gas. pressur.zed with 
hydrogen and heated to the desired temperature for a time sufficient to substantial ly 
hydrogenate the aromatic polymer. The hydrogenated polymer is removed an* the catalyst 
can be separated fror- the hydrogenated polymer by any conventional catalyst separation 
method, such as filtration or centnfugation 
20 The h V dr °genated polymers of the present invention have higher glass transition 

temperatures than their nonhydrogenated counterparts. For example, atactic hydrogenated 
polystyrene polymers of the present invention typ.cally have glass transition temperatures 
measured by Differential Scanning Calonmetry (DSC) with a heating rate of 3°C per minute, of 
at least 141°C, preferably from 141'Cto 147'C. more preferably from 143°Cto 147°C. and most 
25 Preferably from 145'C to 147°C. Therefore, these polymers can be used in applications wnere 
h,gh temperature resistance is required, such as applications where polycarbonates currently 
are used. 

The following examples are set forth to illustrate the present mvent.on and 
should not be construed to limit its scope. In the examples, all parts and percentages are by 
30 weight unless otherwise indicated. 

The amount of hydrogenation is measured using UV-VIS spectroscopy as 
described previously. 

Mw is an absolute molecular weight measured by gel permeation 
cnromatography, unless otherwise specified. 
35 A " P 0| v m er samoies used in the examples nave atactic stereostructure 
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EXAMPLES 
Example 1 

A) Preparing the SmcaSjDDort 

en H ' 50 9 ° T POtaSS ' Um S " ICate <KaS " * 1 ' a Droau " ° f PO Corp, ana ,0 g or water „ 
narged to a 250 mHMuer (ml) beaKer ana st , rred wh „ e , 5 gram ^ J 

w V such that no prec , D , tat|on Qccjrs ^ (s contmuousiy ^ ^ s ^ 

- homogeneous solution ,s obtameo. The mixture ,s tnen placeo in an BOX oven for 5 
ours an. the 5llfCa polymer , 2e , The s „ |ca . ^ ^ ^ 

ona washea with 500 ml of 1 M acetic acm snn mi n f 1 

500 ml of ftn<r 1 m ammonium acetate and finally with 

00 m, of 80 C 1 M ammon,um acetate. The washed s,l,ca „ placed ,n a 1 .0 men O.D. guartz 

hvdrot " ^ '°° m temD6ratUre * S Started ° Ver S,,1Ca The ««« undergoes 

hydro thermal caicnat.on The fol.ow.ng proceoure ,s used, the s,l,ca ,s heated from 
850 C at a rate of 3.5'Omn. Upon reacn , ng , ^ ^ ($ ^ g 

saturate w.th water while the neating continues. At 850°C the calcination „ continued 
■5 -thermally for 2 hours The s,i,ca ,s then coo.ed to 350'C w.th water saturated a,r Upon 

reacning 350°C the saturator ,s removea and the s„,ca ,s cooled with dry f.ow.ng a,r to 80°C ann 
amoved from the guar,, tuDe The data be.ow shows tne pore s,ze d.stnbut.on v,a merj- 
porosimetry. y 

Pore Volume 

137 cc/g 

20 Total Pore Area , „ ^ , 

14.2m2/ g 

Median Pore D,ameter (Volume) 3 845 angstroms 

Median Pore Diameter (area, 3672 angstroms 

Average Pore Diameter (4V/A) 3817 angstroms 

Three additional batches are prepared us,ng tne same procedure desenbed above and are 
25 shown, nTab.e ,.The surface area ofT.b.. . , measured according to ASTM method D-3663-84 



Sample 



Pore Volume 
(cc/g) 



30 



Average Pore 
Diameter 
(4V/A) 
(angstroms) 



Surface Area 

(m2/g) 



hi | 3900 | T 5" 
However, mercury porosimetry should not be relied on alone to check pore s.ze 
o.stnbuuons because it is not sens,t,ve to pores of less than 60 angstroms. Nitrogen desorpt.on 
35 techn. auGS measures pores Q# ^ ^ ^ ^ ^ ^ ^ ^ 

prepared ,„ 5amp,e I above has a cumulative pore volume ,n pores of ,ess than , 00 angstroms 

of 0 006 cc/g. a cumulative pore volume ,n pores of .ess tnan 320 angstroms of 0.0 1 3 cc/g and a 
cumulative pore volume ,n pores of less than 600 angstroms of 0.01 6 cc/g. Therefore the 



-/- 



BNJSOOOID <VVO 9634896A1 l_> 



WO 96/34896 



PCT/US96/05240 



cumulative core volume for pores ,ess man 600 angstroms ,s 1. 1 percent of the cumulative pore 
volume for pores greater than 60 angstroms 
B 1 ) Preparation of 5 Dercent Rh/SiO ? Catalyst 

A 5 percent Rh/SiO, catalyst is made v.a imoregnation of the nydrothermaliy 
5 calcined s.lica or (A) RhCI 3 (H 2 0) 25 (0.65 g) ,s dissolved in 16.5 mi of water Th,s solution ,s then 
addeo to 5.0 g o* the hyarothermaily ca.cmea s.lica of (A), which ,s then a.r dr.ed overn.ght. 
The catalyst is then ground with a mortar and pestle to less than 1 CO mesh The catalyst is 
reduced by loading the catalyst ,n a 1.0 in. O.D. glass tube purged w.th nitrogen and then a 
flow of hydrogen is started overthe catalyst. The temperature is ramped from 25°C to 250°C at 
: 0 1 0°C/m.n ,n flowing hyarogen ana the catalyst is held .sothermally at 250°C for 2 hours The 
catalyst iscoolea under flowing hydrogen. 
B2) Preparation of 5 percent Pt/Si0 2 Catalyst 

A 5 percent Pt/SiOj catalyst is made via impregnation of the hydrothermally 
calcined silica of (A) H 2 PtCI 6 .6(H 2 0) (0.70 g) is dissolved in 16.5 ml of water. This solution ,s 
, s then added to 5.0 g of the hyarothermaily caicmed silica of (A) wnich is then air dried 

overnight. The catalyst is then ground with a mortar and pestle to less than 1 00 mesh The 
catalyst .s reduced by loading the catalyst inat.O in. O.D. glass tube purged with nitrogen and 
then a flow of hydrogen .< started over the catalyst. r he temperature is ramped from 25°Cto 
250°C at 1 0°G'min m flowing hydrogen ana the catalyst is held .sothermally at 2S0°C for 2 
20 hours. The catalyst is cooled under flowing hydrogen. 
Example 2 

Hydrogenation of Polystyrene 

Two solutions containing 3 g of polystyrene (Mw approximately 100,000. Mw/Mn 
1 09) dissolved in 1 56 g of cyclohexane (200ml) are each placed in a 300 ml Parr reactor. One 
25 reactor receives 0.8 g of 5 percent Rh/SiO ? catalyst prepared accprdmg to Example 1 . (B 1 ) ana 
the other 1 0 g of 5 percent Pd/BaS0 4 obta.nea from Engelhard Corp. for comparison purposes 
The reactors are sealed, pressure purged with nitrogen and finally pressurized with hydrogen 
to 1300psig. The reactors are then heated to 130°C, the pressure adjusted to 1 500 ps.g and the 
reaction run for 4 hours. The results are listed in Table II. 



Catalyst 


Source 


Percent 
Hydrogenation 


Catalyst/Polymer 
Ratio 


5% Rh/Si0 2 


Examole 1 
(B1) 


>99.9 


0.27 


Comparative Engelhard 
Example 5% Corp 
Pd/BaS0 4 | 


14 


0.33 
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The level of hvarogenat.on for the catalyst or the mvent.on ,s measurea at 
greater than 99 9 aercent a: a catalyst to ooiymer ratio of 0 27 and IVw/Mn , s measured to De 
• 10. wn.cn novates that no s.gnmcant ooiymer aegraaation has occurred. Four analyses of 
•hehydrogenatea Doiymer give an average Tg of 1 46 2'C : 0.5. 
5 A Pd metai catalyst suooorreo on an aikai ne earth metal suppoa used at a 

catalyst to ooiymer ratio of 0.3 shows very low hyarogenat.on 
Example 3 

-lydrogenat^on of Polystyrene 

3 grams of polystyrene (Mw approximately 300,000) are dissolved in 1 56 g of 
10 cyclonexane (200 ml) and placed ,n a 300 m, Parr reactor with 0.8g of the catalyst as listed ,n 
Table III. The silica supported catalysts were prepared as in Example (B1) and (B2). The 
'eactor is sealed ana pressure purged with nitrogen ana finally pressurized with hydrogen to 
1300 osig The reactor .sthen heated to 140°C. the pressure aajustea to 1 500 psig and the 
reaction run for 6 hours. The products are analyzed anc the results are hstea in Table III 
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Catalyst 


Source , Percent 

Hydrogenation 


5% Pt7Si0 2 


Example 1 (B2) , 99.7 


5% Rh/Si02 


Example 1 (B1) 


99.9 


Comparative Example 
5% Rh/Al 2 0 3 


Engelhard Corp. 


' 7 



25 



30 



The catalysts of the present invention g.ve much higher hydrogenation levels at a 
catalyst to polymer ratio of 0.27 than a known hydrogenation catalyst. Four analyses of the 
hydrogenated polymer using 5 percent Pt/SiO, catalyst give an average Tg of < 46 6°C ± 0.6 
Example 4 

Hydrogenation of 1 96.700 Mw Polystyrene (Catalyst to Polymer Ratio of 0.27) 

3 grams of polystyrene (Mw 196.700) is dissolved in 235 g of cyclohexane at 50°C 
and placed ,n a 300 ml Parr reactor with 0.8 g of a reduced 5 percent Pt/Si0 2 catalyst prepared 
as in Example 1 , (B2). The reactor is sealed, pressure purged with n.trogen ana finally 
pressunzed with hydrogen to 1300 ps.g The reactor ,s then heated to 138°C, the pressure 
adjusted to 1500 ps.g and the reaction run for 7 hours. The product is analyzed and shows 
99.94 

IVIVV ^ t , ol(4UU( wnicn inaicates that no significant polymer 

degradation has occurred. 
35 Example 5 

Hydrogenation of Polystyrene (Catalyst to Poiymer Ratio of 0 07) 

200 g of polystyrene (Mw aoprox.mately 200,000) is added to a 5 gallon reactor 
contammg 2300 g of cyclohexane. The reactor ,s ourgeo with nitrogen and 1 3.5 g of a reduced 
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5 percent Pt/S.0 3 catalyst preparea as ,n Examole 1 . (B2) .s added The reactor ,s sealed, 
pressure purged w,th n.trogen, pressur.zed with hydrogen to 500 psig and heated to 1 50°C. 
-he pressure ,s aaiusted to 875 psig and ma.ntamea at t.n.s oressure at 1 50=C. Samo.es taken 
after 55 m.nutes snow nydrogenation of 94.3 percent and samples taken after 1 10 m.nutes 
5 snow hyarogenation of 98.4 percent 

High nydrogenation levels are ootained at a small catalvs: to Doiymer ratio of 

0.07. 

Example 6 

Comparison of Hydrogenation of Polystyrene using 5 percent Pt/Si0 2 and 5 percent 
10 Pt/Diatomaceous Earth 

Two expenments are run w.th 5 g of aporox.mately 1 00,000 Mw polystyrene w.th 
Mw/Mn of 1 .05 aaded toa 500 ml reactor contammg 235 g cyclohexane 5 oercent Pt/SiO, 
made accoramg to Examole 1 , (B2) ,s added to one reactor wh,le a 5 percent Pt/D,atomaceous 
Earth prepared accord.ng to U.S. Patent No. 5, 1 1 0,779 is added to the other for comparison 
• 5 purposes. The reactor .s sealed, pressure purged with n,trogen, filed w.th hydrogen at 1 000 
ps,g and heated to 140°C. The pressure ,s adjusted to 1 500 psig and the reactor ma.ntai ned at 
140°Cano 1500 psig for 4 hours. Results are listed in Table IV. 

Table iv 
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Catalyst 


Catalyst 
Weight(g) 


Percent 
Hydrogenation 


Mw/Mn 


5% Pt/Si0 2 


1.7 


99.8 1 05 

I 


Comparative Example 
5% Pt/Diatomaceous 
Earth 


2.0 


90.0 


1.05 
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The performance of the catalyst of the present invention at a catalyst to Doiymer 
ratio of 0.34 shows a much higher hydrogenation level when compared to a 5 percent 
Pt/Diatomaceous Earth catalyst even when used at a higher catalyst to polymer rat.o of 0.4. 
Example 7 

Hydrogenation of Poly alpha-MethylStyrene 

3.0 grams of poly alpha-methylstyrene (Mw 299,000 as measured by Low Angle 
Laser Light Scattering (LALLS)) is dissolved in 235 g of cyclohexane at 50°C and placeo in a 300 
ml Parr reactor with 0.8 g of a reduceo 5 percent Rh/Si0 2 catalyst prepared accoramg to 
Examole 1, (B1) The reactor is sealed, pressure purged witn nitrogen and finally pressur.zed 
with hydrogen to 1300 ps.g The reactor ,s then heated to 1 38°C, the pressure adjusted to 1 500 
os.g and the reaction run for 7 hours. The proouct is analyzed and shows 99.85 percent 
nydrogenation with little cnange ,n Mw (2 13,000 measured by LALLS), wn.ch md.cates that no 
significant polymer degradation nas occurred 
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Example 8 

Hydrogenation of Styrene-isoDrene-Styrene 

5 g styrene-isoorene-styrene ooiymer (Kraton D- • 107. a oroduct of The Shell 
Chem.ca, Co.) ,s aadea to a 500 m, reactor conta.ning 235g of cyconexane. Under an ,nert 

5 atmosphere, a 0.8 g samo.e of reauced 5 percent Pt/Si0 2 preoared as ,n Examoie 1 (B2) ,s 
adaed to the reactor The reactor „ then sea ie d, pressure ourged w.th nitrogen filled w.th 
hydrogen at 1000 ps,g ana heated to ■ 20<C The pressure ,s adjusted to 1 500 psig and the 
reaaor ,s maintained at 1 2C°C and 1 500 psig for 4 hours The product shows complete 
nydrogenat on o* the oiefin.c reg.on and 98.5 oercent hydrogenation of the aromat.c region 

1 0 The process of the present invention ,s successfully used on polymers conta.n.ng 

ooth ethylen.c unsaturation ana aromatic unsaturat.on. 
Example 9 

Hydrogenation of Styrene Acryionitnle Copolymer 

4 g of a styrene acryionitnle copolymer conta.ning 75 wt. percent styrene „ addea 
15 to a 500 m L reactor conta.n.ng 220 g of tetrahydrofuran Under an inert atmosphere a 1 5 g 
samp.e of reduced 5 oercent Rh/S.O, „ addea to this m.xture. The reactor ,s then sealed 
pressure ourged w.th n.trogen. filled w.th hydrogen at 1 000 ps.g and heated to 1 20°C. The 
temperature ,s then increased to 160°C and the pressure is adjusted to 1500 ps.g. After 7 hours 
the reactor ,s cooled ano vented at atmospheric pressure and the catalyst is filtered from the 

20 Polymer solution Analysis snows 1 7 percent hydrogenation of the aromatic portion of the 
polymer 
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WHAT !S CLAIMED IS: 

1 A process of hyarogenatmg an aromatic ooiymer comprising contacting 
the aromatic polymer w.ih a nydrogenatmg agent in the presence of a silica supported metal 
hydrogenat.on catalyst such that at (east 80 percent aromatic hyarogenation ,s achieved, 
5 characterized in tnat the si hca has a surface area of at least 1 0 rtWg and a pore size distribution 
such that at least 98 percent of the pore vol ume ,s defined by pores having diameter of greater 
tnan 600 angstroms 

2. The process of Claim 1 wherein tne nydrogenatmg agent is selected from 
hydrogen, hydrazine and sooium oorohydride. 
10 3. The processof Claim 2 wherein tne nydrogenatmg agent is hydrogen. 

4 The process of Claim l wherein the metal is cobalt, nickel, ruthenium, 
rhodium, palladium, platinum or combination tnereof 

5 The process of Claim 1 wherein the metai is Dlatmum or rhodium. 

6 The process of Claim 1 wherein the pores nave an average diameter of 
1 5 from 3000 to 5000 angstroms. 

7 The process of Claim 6 wnerein the surface area is from 1 0 rn^/g to 50 m^'g. 
8. The process of Claim 1 wherein the weight ratio of catalyst to polymer is 0.5 

or less. 

9 The process of Claim 8 wherein one part catalyst by weight is present per 
20 5,000 to 200,000 parts aromatic polymer. 

1 0 The process of Claim 1 wherein the aromatic polymer is polystyrene. 

n The process of Claim 1 wherein the Mw of the aromatic polymer is between 
100,000 to 3,000,000. 

1 2 The process of Claim 1 wherein the hydrogenation reaction is conducted at 
25 a temperature between 50°C to 250°C 

1 3. A process of nydrogenatmg an aromatic polymer selected from the 

group consisting of poly alpha-methylstyrene, styrene-alpha-methylstyrene copolymer and a 
copolymer of a vinyl aromatic monomer and a monomer selected from the group consisting of 
a nitrite, acrylate, acid, ethylene, propylene, maleic anhydride, maleimide, vinyl acetate and 
30 vinyl chloride, comprising contaaing the aromatic polymer with a nydrogenatmg agent in the 
presence of a silica supported metal hydrogenat.on catalyst, characterized in that the silica has 
a surface area of at least 1 0 m^/g and a pore size distribution such that at least 98 percent of 
the pore volume ts defined by pores having diameter of greater than 600 angstroms. 

'4 A silica supported metal catalyst, characterized in that the silica has a 
35 surface area of at least 1 0 m2/g ana a oore s.ze distribution such that at least 98 percent of the 
oore volume is defined by pores having diameter of greater than 600 angstroms. 

15 The catalyst of Claim 14 wherein the surface area is from 1 0 rn^/g to 50 

m^/g. 
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: 6 C3ta,ySt ° f Cla ' m 1 4 — n the metal ,s coo.lt. n,ac«. ruthenium 

rnoo.urr oanaaium. platinum comoinat.on tnereof 

■• 7 The catalyst of Cia.m , 6 wnere.n tne metal is platinum or rnod.um 
8 ,hecata.y«of Claim 14 wnere.n the pores nave an average aiameter of 
5 from 3000 to 5000 angstroms ° 

Cia , m , ' 9 A hVOr0g — oo.ysty^ene ooiymer oreoareo according to tne process of 

20 A ^ dr °^^tec ooiystyrene oo.ymer naving a gass trans.t.on temperature 
(as measurea Dy DSC at a neating rate of 3°C/min.) of at least 141°C. 

accord.ng to the process of Claim 1 

22. A nydrogenateo biocK styrene-butadiene or styrene-.soorene copolymer 
oreoarea according to the orocess o- Cla.m 1 

23 A hyarogenatea tnblock copolymer of styrene-outad.ene-styrene or 
<. 5 styrene-isoorene-styrene preoared accoromg to the process of Cla.m 1 

24 A hydrogenated, .mpact moa.fiea. grafted rubber containing aromatic 
po.ymer preoared according to the process of Claim 1 . 

25 A hydrogenated copolymer of a vinyl aromat.c monomer and a 
comonomer se.ected from the group cons.st.ng of a n.tnle, acrylate. ac.d, ethylene, p ropyle ne 

20 -ale.c anhydr.de. ma.e.m,de,v.ny. acetate and v,nyl chloride. 

26. A hydrogenated copolymer of a vinyl aromatic polymer and acrylonith.e 
27 A hydrogenated homopolymer of alpha-methylstyrene. 
28. A hydrogenated aromat.c star-block copolymer hav.ng at least 10 percent 
aromatic hydrogenation. 

25 29 The star - bl <*k copolymer of Cla.m 28 where.n the copolymer ,s a 

copolymer of styrene and butadiene 

30. A hydrogenated aromatic star-block copolymer of Cla.m 1 hav.ng at least 
10 percent aromatic hydrogenation ,s achieved. 

31. The hydrogenated star-block copolymer of Claim 30 where.n at least 25 
30 P« r cent hydrogenation is achieved. 
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